The possibility of obtaining interresidue NOES from short linear peptides in aqueous solution has been investigated from an experimental point of view using peptides of various lengths (namely GGRA, LHRH and RNase S-peptide). It is shown that, provided that long (-800 ms) NOESY mixing times are used, complete sets of sequential aN NOES are obtainable. From the intensities and signs of the observed NOES, the relative mobilities of different parts of the polypeptide chain can be determined.
INTRODUCTION
Proton nuclear Overhauser enhancements are the basis of NMR spectral assignments and structure determination in proteins [ 11. However, interresidue NOES from short flexible peptides are difficult to observe [2, 3] due to conformational averaging [4] and an unfavourable correlation time [5] . The influence of the last parameter can be controlled using a solvent of high viscosity [6] or by rotating frame NOE experiments [7, 8] .
Nevertheless, the interest is normally centered on the conformational properties shown by the peptide in a water solution, which may be perturbed by the change or addition of a new solvent. Interresidue NOES are necessary to characterize such properties, but unfortunately, they are generally absent [9-l l] 
or only incompletely detected
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Abbreviations: NOE, nuclear Overhauser effect; NOESY, twodimensional nuclear Overhauser and exchange spectroscopy; COSY, two-dimensional homonuclear correlated spectroscopy; LH-RH, luteinizing hormone-releasing hormone; RNase Speptide, l-19 fragment of bovine pancreatic ribonuclease A (EC 3.1.27.5) [12, 13] for linear peptides in water solutions. We considered it of interest to investigate, from an experimental point of view, the possibility of obtaining NOES from linear peptides of various sizes in aqueous solutions. Our results show that, in contrast to general belief [5] , complete sets of sequential (YN NOES [l] are detectable in such cases provided that long (~800 ms) mixing times are used. An interesting conformational property, the relative mobility of different parts of the polypeptide chain, can be obtained from the magnitude and sign of the observed NOES.
EXPERIMENTAL
The LH-RH and GGRA peptides were obtained from Bachem AC, and RNase S-peptide from Sigma. The NMR samples were 20-30 mM in HzO/DaO, 90: 10 (v/v), or in DMSO-ds/HrO mixtures (pH 3.0). NOESY spectra were obtained in the phase-sensitive mode [14] in a Bruker WM-360 spectrometer, using presaturation of the water signal. Size of data and transformed matrices were 2048 x 256 and 4096 x 1024 words in jr and fi dimensions, respectively. Shifted sin' weighting functions in the fa and j'i dimensions were applied before the two-dimensional Fourier transformation. Mixing times were 100, 4oi) or 800 ms, randomly variated by 5%. Experiment times ranged from 30 to 60 h and equidistant NOE intensity levels were selected for plotting.
RESULTS AND DISCUSSION
Due to slow NOE build-up rates, long NOESY mixing times are expected to increase the intensities of NOES arising from small molecules [ 151. Fig. 1 shows the influence that the mixing time has on the detection of the weak NOE intensities that short peptides originate in water solution. No detectable aN NOES are seen in the NOESY spectrum of GGRA at 22°C when 100 ms is used, a normal setting for protein samples. When 800 ms is used the result is very different since all sequential aN NOES are then detected. An intermediate situation was found when a mixing time of 400 ms was used, where only partial detection of NOES was achieved ( fig. 1 ).
The pattern of NOES detected in GGRA, that is, the presence of sequential (YN and the absence of sequential NN NOES is in agreement with the existence of an extended polypeptide chain [l] . It should be noted that NOES are detected despite the existence of conformational averaging, since this peptide is known to be in a random coil form [ 161. To our knowledge, it is the first time that sequential NOES are detected for random peptides of this size in aqueous solution.
Signs of all GGRA NOES in Hz0 at 22°C are positive, which means a short molecular correlation time, TV. As 7c is increased by temperature or solvent composition changes [5] , the observed 100 ms 400 ms NOES are expected to become negative, after passing through a zero value [ 151, This is actually seen in the NOESY spectra of GGRA when recorded in solvents of increasing viscosity. In a DMSO/H20 (1: 1) mixture, positive CXN NOES are still detected between residues l-2 and 3-4 and zero (or near zero) CZN NOE between residues 2 and 3 (not shown). In DMSO/HzO (4: l), the only non-zero aN NOE detected is between residues 2 and 3 but showing now the opposite sign, i.e. negative (see fig. 1 ). It is reasonable to interpret these changes in GGRA NOE intensities as due to global molecular 7c changes and not to solvent induced conformational changes since this tetrapeptide is accepted to be random either in water [16] or DMSO solution in detecting chain mobilities in a longer peptide, we have investigated LH-RH. No NOES have been detected previously for this peptide in aqueous solution [9] . Fig.2 shows the LH-RH NOESY spectra obtained in Hz0 at 52°C using 800 ms as mixing time, where almost a complete set of sequential (YN NOES can be seen. Signs are all positive indicating a short global molecular 7c value. At 22°C ( fig.2) , sequential aN NOES are also detected, but now they show negative signs, corresponding to longer 7c values. At an intermediate temperature, 32°C positive (YN NOES from terminal residues (l-2 and 9-10) are the only ones observed. Fig.4 shows the corresponding LH-RH NOE intensity-sequence plot at the three temperatures. It can be seen that the change in 7c values simply originated from temperature shifts up or down the corresponding trace, that can then be considered a peptide flexibility profile. The N-and C-terminal residues have again increased relative mobility, which is in agreement with 13C relaxation time data reported for this peptide [ 181. NOE intensities very close to zero have been detected at the three temperatures between residues G6 and L7 as shown in fig.4 . A possible explanation for this fact is the existence of an increased local mobility at that point of the peptide chain, which is in agreement with the well known inherent flexibility that the amino acid residue G has. vestigated NOE effects in RNase S-peptide, an interesting example of a short peptide that undergoes a temperature-induced conformational transition from random coil to a-helix [ 191. Identification of aN correlations of their COSY spectra (not shown) at 5, 24 and 34°C was immediate with the help of their previously assigned 120,211 monodimensional 'H NMR spectra. The S-peptide is mainly in random coil form in water solution at 5°C pH 3.0 [19, 21] , so that NOES typical of an extended chain are expected. This NOE pattern was actually seen in the S-peptide NOESY spectra taken in those conditions (see fig.3 ) where sequential cuN NOES are seen for all residues, except the one connecting S18 with Al9 (see fig.3 ). All NOES detected are negative, which corresponds to long molecular 7c values.
As the temperature is raised to 24"C, some of the aN NOES previously detected now become zero (residues 2, 16-18) while the NOE connecting residues 18-19 changes from zero to positive as shown in fig.4 . The only NOES that still maintain negative sign (longer local 7J arise from residues 3-14, a region that matches the one that is helical in the native protein [22] . These aN NOES cannot arise from the small proportion (-13%) of the helical S-peptide molecules that exist in those experimental conditions [21] because sequential NN NOES are then expected [l] . Going further in peptide length, we have inAt a higher temperature, 34"C, very few helical 22X 32OC 52% S-peptide molecules exist [ 191, but still a relative rigidity is manifested in the native helical region, as evidenced by negative cuN NOES detected for residues 5-14 ( fig.3) . Residues near N-and Cterminal ends have an increased mobility because they show zero (2) (3) (4) (16) (17) or positive NOES (18-19) which corresponds to shorter local rc values. The tendency of the S-peptide to be helical seems to be manifested as a reduced mobility on the same chain region that will become helical under particular conditions, which is an interesting result that merits further examination. The experimental data reported here have shown the potential utility of NOE effects in investigating the conformational properties of flexible peptides in water solutions. Apart from the simplicity of NOESY with respect to ROESY [23, 24] , these results would be hardly obtained with ROESY since this experiment gives only positive peaks (no clear cut distinction between 7c and (dcu~) changes is possible), the intensities of which are in addition quite unsensitive to rc [ 141. Two conclusions can be drawn from this paper. The first one is that complete or almost complete sets of sequential (YN NOES can be obtained in appropriate conditions which permit a sequential assignment of NMR 86 spectra of linear peptides devoid of structure. The second one is that information on peptide relative chain mobilities is available from the intensities and signs of the observed NOES. 
